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This report outlines the design for a system that can autonomously assemble straight pipe segments. 
The material used is Belled End Schedule 40 PVC in one-foot long pieces. Although this system 
could be scaled to fit other pipe lengths and diameters. Contained within this document is the rationale 
behind the design decisions made, initial embodiment design, consumer interviews, relevant codes 
and standards and CAD drawings. CAD drawings can be found for any part that was fabricated and a 
final assembly drawing will be referenced as well. 
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1.1 VALUE PROPOSITION / PROJECT SUGGESTION 
 
A question proposed to NASA chief scientist, Jim Green, in a USA Today article from June 11, 
2018 was, “Could humans live on Mars.” He responded, “Humans will absolutely be on Mars in the 
future, and the first person to go is likely living today.” Considering the vast amount of infrastructure 
that would need to be created to support life on the planet, it would be ideal to have a system that 
could create some necessities of modern living unmanned and autonomously. An important piece of 
infrastructure central to modern living is piping for water and waste. The goal for this project is to 
implement a system that can connect identical straight pipe segments that could be mounted to a 
ground-based robot.  
 
1.2 TEAM MEMBERS 
 
 Jeffrey Strecker   
 Ben Prinster  
 Vito Fiordimondo 
 
2 BACKGROUND INFORMATION STUDY 
2.1 DESIGN BRIEF 
 
Implement a system that can connect identical rigid straight pipe segments autonomously. 
The robot should then return to its original location for additional segments and repeat the 
sequence. The goal of the system is to be able to retrieve pipes from a specific location, connect the 
pipe section and track the laid pipe to the next section of pipe to be inserted.  
The pipes will be configured where one end is flared and the other is straight so that, with proper 
orientation, the pipes can be inserted one into another by connecting a flared end to a straight 
end.  The constraints for the rigid pipe are not given, so it is assumed to be Schedule 40 PVC. The 
length is not defined for this project so it is assumed that the PVC will be no longer than 1 ft. The 
focus of the project will be on pipe insertion and proving the concept before a larger and more robust 













2.2 BACKGROUND SUMMARY 
 
A search for existing designs that were similar in scope to our project lead to a surprisingly 
slim number of results. The closest machine that was found is called a Butt Fusion Machine, which 
fuses two section of plastic pipe. Sections are clamped in axially aligned clamps one of which is fixed 
against linear movement and one is relative linearly movable. The patent for this design is shown 
below and corresponds to US patent number US4008118A. 
 










3 CONCEPT DESIGN AND SPECIFICATION 
3.1 USER NEEDS AND METRICS  
3.1.1 User Needs Interview 
 
Table 1 - User Needs Interview 
Project/Product Name: Optimus Pipefitter (OP)  
Customer: Mark Jakiela, JME 4110 
Professor  
   
Address:  Washington University  
Willing to do follow up?  Yes  
   
Type of user:  NASA   
Interviewer(s): Vito Fiordimondo, Ben Prinster, and 
Jeffrey Strecker, JME 4110 students  
   
Date:  June 24th, 2018  
   
Currently uses:  Backpack with pocket and zippers  
Question  Customer 
Statement  
Interpreted Need  Importance  
Which parts of the 
sequence should be 
automated vs. RC?  
ideally the whole 
thing  
The OP must be 
fully autonomous  
5  
What types of terrain 
should the robot be 
expected to 
traverse?  
   
interplanetary, rough 
terrain, dessert type 
terrain  
The OP must be able to handle 
a variety of different extreme 
terrains  
4  
What types of power 
supply should be 
utilized?  
Solar(mars rover like 
solar panels)   
Can the OP use solar panels to 
provide energy  
3  
Should there be any 
redundant systems?  
Yes   The OP must have at least one 
other redundant system  
5  
Are there any 
restrictions on 
materials used in 
construction?  
  
   
No, PVC  
The OP can use PVC for the 
pipe  
2  
Any restrictions on 
overall size 
measurements?  
what we choose, 
OD/ID will depend on 
what we choose for 
this one  
There are no restrictions on the 
OD/ID of the pipe  
0  
Any restrictions on 
overall weight?  






expected to be used 
(ID or OD?)?  
Maximum OD pipe, 
1/10 of longest box 
enclosing dimensions. 
For example, 2ft x 4ft 
would need 1/10 OD 
of 4ft.  
There are parameters to 





How long are the 
sections 
of the pipe going to 
be?  
2X longest dimension  The pipe length must be 2x the 
longest dimension of the OP  
2  
What kind of range 
will it need for RC?  
  The OP 
must automate interplanetary  
5  
What is the 
maximum depth the 
robot will have to 
drop pipe into?  
Nixed, should be fully 
automated  
The OP does not have to drop 
pipe into a maximum depth.   
0  
How many people 
will be in the given 
area the robot will 
operate within?  
0, thinking mars so 
nobody around  
The OP will have no human 
interaction on the terrain it will 
be operating on to help it with 
repair or accomplishing its 
work  
5  
   
 
3.1.2 Identified Metrics 
 





Metric  Units  Min Value  Max Value 
1 1,4,9,11 “Humans 
Interacting 
with OP” 
Integer 0 5 
2 2 Number of 
Wheels 
Integer 1 8 
3 1,2,3,4,6,9,11 Solar Power Watts 500 2500 
4 1,3,4,6,9,11 Battery  Integer 1 6 
5 5,6 Pipe Weight lb. ½ 10 
6 6 Total Weight lb. 50 2500 
7 7 Pipe OD in. 1/8 10 
8 1,9 Run Time Years 1 50 
9 8 Pipe Length in. 1 120 
10 9,11 Range  Miles 4.0e+7 2.0e+8 






















3.2 CONCEPT DRAWINGS 
 
 



















3.3 CONCEPT SELECTION PROCESS.  
3.3.1 Concept scoring  
 







































3.3.2 Preliminary analysis of each concept’s physical feasibility 
 
The designs conceptionally had similar parts.  Design 1 will need solenoids and actuators. 
This is how the robot performs its tasks. These are special because the actuators would ideally be 5 ft 
long and telescoping to save space. It would be useful to increase and decrease the pistons speed as 
the designer or customer sees fit. For Design 2, it would require two robotic arms. These would not 
require a special design because these arms are very common. Design 3 would be completely custom. 
This is a bipedal walking robot and would have to be programmed to its specific tasks. The benefit of 
this robot is that it can walk like a human and can be programmed for perform different tasks, while 
the other designs are specific to a single task. This design would be very heavy and expensive to 
make. Design 4 has no special equipment and the arms could be attached to the Rover to achieve the 
new task of putting pipe together.  
 
3.3.3 Final summary statement 
 
Ultimately, the design choice is going to be Design 1. This is due to its high happiness score 
and other reasons. The machine would be lightweight and does not use new technology. It will have a 
gravity fed magazine with pipe in it to ensure simplicity and is requested by the user. The pipe is held 
in place by two solenoids to keep the pipe from falling out. This also ensures that only one piece of 
pipe falls onto the track. The actuators are very simplistic and reliable. Since the design is so 
simplistic, it helps ensure long usage time and reliability. This design will be attached to a Mars 
Rover like platform because the design is already tested and reliable. It ensures that the robot can 
handle any type of terrain. The robot can act autonomously and will have preloaded magazines with 
pipe. When it is out of pipe, it will go to a station and another robot will refill the robot. This ensures 
around the clock work by the robot. The other robots were very complex and had a lot of moving 
parts. This leaves more room for failure. Some would be very heavy and require very custom designs. 
Design 3 would have been a good choice because it can perform multiple tasks like a human. This 
design is very complex, heavy, and expensive. It has not been tested on Mars yet, so there is a lot of 
room for error and ultimately why is was not chosen. The most determining factor in this design is 
making sure the robot can connect the pipe easily without the need for human interaction. 
 
3.4 PROPOSED PERFORMANCE MEASURES FOR THE DESIGN 
 
The overall performance measure requires the system to be able to autonomously fit straight 
pipe segments together. Following the selection of concept #1 specific specifications had to be 
outlines. The requirement for the linear actuator to be able to exert enough force as to hold down the 
pipe is important. Although too much force is not good for the long-term durability of the system, so 
that will be hashed out. Also, the overall alignment of the system is very important since any 
component that is off center could cause restrictions when the pipe segments will be inserted into one 
another. At the end of the day the main performance measure is that the system can in fact insert one 






3.5 REVISION OF SPECIFICATIONS AFTER CONCEPT SELECTION 
 





Metric  Units  Min Value  Max Value 
1 1,4,9,11 “Humans 
Interacting 
with OP” 
Integer 0 5 
2 2 Number of 
Wheels 
Integer 1 8 
3 1,2,3,4,6,9,11 Solar Power Watts 500 2500 
4 1,3,4,6,9,11 Battery  Integer 1 6 
5 5,6 Pipe Weight lb. ½ 10 
6 6 Total Weight lb. 50 2500 
7 7 Pipe OD in. 1/8 10 
8 1,9 Run Time Years 1 50 
9 8 Pipe Length in. 1 120 
10 9,11 Range  Miles 4.0e+7 2.0e+8 















Table 9 - Needs Table for Optimus Pipefitter (OP) Revised 
Need Number Need  Importance 
1 The OP is fully autonomous 5 
2 The OP can handle extreme terrain 4 
3 The OP can use solar panels 3 
4 The OP must have a redundant system 5 
5 The OP must handle PVC pipe 1 
6 The OP must use a variety of OD/ID pipe 1 
7 The OP must handle pipe longer than 6” 2 
8 The OP must be controlled interplanetary 5 
9 The OP must lay pipe 4 



























4 EMBODIMENT AND FABRICATION PLAN 
4.1 EMBODIMENT/ASSEMBLY DRAWING 
 
 
Figure 6 - Embodiment/Assembly Drawing 
4.2 PARTS LIST 
 






4.3 DRAFT DETAIL DRAWINGS FOR EACH MANUFACTURED PART 
 


















Figure 9 - Draft V-Block CAD Drawing 
 
 
4.4 DESCRIPTION OF THE DESIGN RATIONALE 
 
V-Block:   
The design for the V-block centered around the length and OD of the pipe. We know that the 
total length of each pipe segment will be 12 feet in length. Also, we know that the pipe we are using 
will have a flared end on one side that extends roughly 2 inches. To ensure that the center line of the 
pipes to be connected lie on the same axis, we needed to have the flared end hang off the end of the v-
block while it is being inserted into the next pipe. If this doesn’t happen the, the actuator that is 
pushing the first pipe into the second will have to overcome the wall around the circumference of the 
pipe. If it gets caught, then the pipe might not insert into the other or it could ruin the timing that will 
be used to automate the entire system. The material chosen was wood, because there won’t be much 
force exerted on the block and steel would be unnecessary and more difficult and costly to 







Pipe OD Fixture:   
The Pipe OD Fixture will be mounted to the 2” linear actuator and will be responsible for 
securing the second pipe so that it does not shift forward when the first pipe in being inserted into it. 
The considerations that were taken for this part were the radius of the tube and the existing mounting 
holes that are on the end of the 2” linear actuator. The counter bore and through holes on the top of 
the fixture match the through holes that are on the linear actuator. This will allow the fixture to be 
secured on the actuator with a lock pin or clevis pin. Lastly, the radius on the lower portion of the 
fixture was determined from the diameter of the tube. The material chosen was brass because it is 
easier to machine and cheaper than its steel counterparts.   
 
Magazine Body:  
  When designing the magazine body both the pipe and solenoid dimensions were considered. 
The through holes are slightly larger than the solenoids pole and will allow it to extend and contract 
without obstruction. Also, the difference in heights between the two sides were found from the OD of 
the pipe so that each section can hold one pipe. The lower section will hold the pipe to be dropped 
into the system. And the upper section will hole the pipe that will drop into the lower section. This 
design was chosen so that the timing of the pipes could be controlled and automated. Also, so that we 
could ensure the pipes do not get jammed up on each other within the magazine. Wood was chosen as 
the material since there are minimal loads on the magazine and is easy and cheap to manufacture. 
 
5 ENGINEERING ANALYSIS 
5.1 ENGINEERING ANALYSIS PROPOSAL 













5.2 ENGINEERING ANALYSIS RESULTS 
5.2.1 Motivation 
 
 There are 4 main analysis tasks that need to be considered to facilitate the project’s success 
moving forward. They are the alignment of the pipes and v-block so that the pipes will fit together, 
the amount of time the solenoids are under power, so they don’t burn out, the sizing of the actuators 
(providing enough force), and the sizing of the magazine. 
 Considering the v-blocks and pipe alignment will give us a method to move forward with the 
design of the project. All brackets, frames or spacers that are used in the design of the system will be 
considered in relationship to the goal of ensuring the v-blocks and pipes will remain on the same 
common axis and fit together. The solenoids also have repercussions moving forward because we will 
have to ensure the method in which we use them has them powered for the least amount of time 
possible. The actuators need to provide enough force to keep the stationary pipe in place and fit them 
together. The sizing of the magazine is also critical. If it’s too big, the solenoids won’t stop the pipes 
from loading. If it’s too small, once the solenoids retract, it may not gravity-feed the next pipe into the 
v-block. 
 
5.2.2 Summary statement of analysis done 
 
 Test used to determine maximum force required to fit pipes together: 
 
   








 Sketch illustrating how pipes will fit together if a common axis is shared amongst the pipes 
and v-blocks.  
 
Figure 12 - Diagram showing how pipes will fit together sharing a common axis 
 
To determine the sizing of the magazine, the largest diameter and length of the pipes were 
measured, then ¼” was added to ensure the following: free movement when the solenoids are 
retracted and no movement when they’re extended. 
 
5.2.3 Methodology  
 
The analysis done for the pipe and v-block alignment was done in Solidworks. We were able 
to import the parts purchased from McMaster-Carr into an assembly file and lay everything out before 
construction of the system took place. A prototype/test rig was built for a proceeding section of the 
design to acquire funding. This rig also validated the methods used for alignment so that we know 
everything will function appropriately when the full system is built.  
Many solenoids have a time restriction on how long they can be put under power. Since we 
were trying to find the cheapest solenoids possible, we ended up with something from China that 
didn’t have all of the specs we would have liked. Without the specs the ideal analysis for the solenoids 
would be putting a solenoid under power and timing the duration until failure. Ideally, we would have 
done this test on multiple solenoids of the same type to ensure the findings are reliable and consistent 
but at this time we can’t sacrifice components such as this. Since this timing wasn’t readily available 
to us, we’re assuming the timing available for similar components on McMaster-Carr: 20 seconds. We 
placed the solenoid under power for 20 seconds and didn’t see any smoke or excessive heat, and the 
solenoid continued to function normally. 
 Using a simple bathroom scale, shown above, two pipes were pushed together until they were 
fully seated together. The maximum force exerted was around 20lbs. Assuming that there will be 
friction between the pipe and the wood clamp being used to hold the stationary pipe, it will take 




 To ensure proper sizing of the magazine, the size of the pipes and the throw of the solenoids 
must be considered. The largest diameter of the pipe is just over 1” and the throw of the solenoid is 
0.61”. This means that the width of the magazine can be anywhere between 1 1/8” and 1 5/8”. The 
length of the pipes is 12”. We chose to keep the sizing closer to the smaller side and add 1/4” to all 
measurements. This led to an interior size of 12 1/4” x 1 3/8”.  
 
5.2.4 Results  
 
Designing the system using identical V-blocks on a flat platform should result in the pipes 
remaining aligned. It will also be critical that we mount the actuator that pushes the pipes together 
level with respect to the platform and make sure that its line of travel is parallel to the axis of the 
pipes. 
The solenoid will hold up for at least, 20 seconds, which is much higher than the time we 
expect to have the solenoids powered (just long enough for the solenoid to retract and the pipe to fall 
an inch). 
The actuators chosen for the project are rated to produce at least 225 lbf. Even if we assume 
that we need 30lbs (adding 50% to our tested load), we’re well in excess of that. As the product is 
streamlined, this may be an area that could reduce cost if cheaper components can be sourced. 
However, with the time constraints of the project, that’s not possible currently. 
The solenoids were able to withstand 20 seconds of being under power without failing. 





The results of the pipe and v-block alignment will influence the final prototype by making us 
ensure we have some play when fixing components and full alignment of the system can be 
maintained. Figure 3 below shows the initial embodiment drawing where 2 v-blocks would need to be 
manufactured by us, using wood. To make this work we would have to ensure both parts are identical. 
After analysis we weren’t confident that we could accomplish such a task. So, after doing some 
research and comparing costs, McMaster-Carr had a set of matched and machined v-blocks that we 
could rely on. The drawing for the new blocks after analysis are shown in Figure 4 below.  
The new v-blocks have large holes for mounting which will allow us to move the v-blocks 
around until alignment of the pipes is achieved. Once that is finished the blocks can be fully secured 




















Figure 14 - Final Documentation drawing after analysis of v-blocks 
 
 





6 RISK ASSESSMENT  
 
6.1 RISK IDENTIFICATION 
 
In the area of product design for the Optimus Pipefitter, areas of concern have been identified. 
These factors are the culmination of all the potential issues that could arise during the manufacturing 
of the design in this report. The goal of risk assessment is to identify and focus on the areas that can 
affect the durability and safety of the design.  
 
• Supply Chain  
• Funding 
• Fabrication 
• Manufacturing Facilities 
• Product Liability 
 
6.2 RISK ANALYSIS 
6.2.1 Supply Chain 
 
Risk associated with interruption of the supply chain involves a disruption in the 
manufacturing timeline of the project. If the parts are not received from a vendor in the stated delivery 




6.2.2 Funding  
 









Risk related to the inability to manufacture a specific part based on inability to acquire 




6.2.4 Manufacturing Facilities 
 




6.2.5 Product Liability  
 





6.3 RISK PRIORITIZATION 
6.3.1 Supply Chain 
 
It is difficult to account for all the problems that could occur within the supply chain. The 
supply chain consists of companies such as Amazon and McMaster Carr that we have no control over 
whatsoever. Also, those companies have a lack of control from their suppliers too, so this logic 
applies to every single company that is involved in procurement of parts for these companies. 
Elimination of highly complex or specialized parts will help remedy this citation as if the product 




It is impossible to foresee all issues that could occur in the revenue stream. It is critical to 
retain investors that are committed to the seeing the completion of the project and are invested in that 
happening. Maintaining a good relationship with a bank or another source of revenue in case the 







The risk in ceasing production due to machines breaking down or loss of trained personnel is 
a possibility within any production environment. To ensure this risk is mitigated employees should be 
cross trained so that if the loss of one employee occurs the job can still be completely by another. 
Also, machine breakdown risks can be reduced if proper machine maintenance is performed and 
recorded. Lastly, it is important to have more than one machine that can handle important tasks within 
the process. If one system goes down, it might not be so easy to have it replaced within a timely 
manner.  
 
6.3.4 Manufacturing Facilities 
 
The loss of manufacturing facilities is always a risk no matter where the facility is located. 
This risk is even higher if you are conducting production in an area that has a higher risk of natural 
disasters than other parts of the world. Maintaining other manufacturing facilities in other parts of the 
state/country/world will help mitigate this risk as the same disasters do not affect all areas at the same 
time or in the same way. 
 
6.3.5 Product Liability  
 
Unexpected failures seen by manufacturers or end users is impossible to mitigate due to the 
fact that it is unexpected. Considering this fact, it is important to ensure all safe and correct 
engineering practices are being conducted during the production of the design. That included utilizing 
proper safety factors for loads or high failure areas or employing a safety manager that works at the 
production facilities. Hopefully any risk can be eliminated if safe practices are conducted at all phases 










7 CODES AND STANDARDS  
7.1 IDENTIFICATION 
The link below corresponds to the ASTM D1785 Standard for PVC Schedule 40 pipe, the 
same we are using for our project. The standard is shown below.     
 
http://www.sahar-semnan.com/contents/estandard-html-pdf/astm.d1785.1986.pdf   
 



























































This is the most relevant code/standard because our project design is centered around Schedule 
40 pipe. If this pipe is not made to a specific standard, with consistent sizing, then the reliability and 
functionality of our design could be jeopardized.   
 
7.3 DESIGN CONSTRAINTS  
 
There are no binary constraints that the standard imposes on our design. The standard ensures 
the dimensions, appearance and surface finish of the pipe is the same amongst manufactures. The only 
constraint that can be found from the standard is the OD of the pipe which does constrain the 
dimensions of our magazine, v-block and fixture OD adapter.    
7.4 SIGNIFICANCE  
 
The constraints will influence the size of our magazine, v-block and fixture OD adapter are 
made from the reported pipe size. So, if the manufacturers are not following the standard than 
these parts will not be constructed to the correct size. The dimensions that will be affected are 
highlighted in the drawings below. 
 
 





Figure 17 - Pipe OD fixture constraints 
 




8 WORKING PROTOTYPE 
8.1 PROTOTYPE PHOTOS 
 
Table 12 - Prototype Layout 
Item # Part Name Quantity 
1 DC Power Supply 1 
2 Terminal Block 1 
3 Programmable Logic Controller (PLC) 1 
4 Relays 4 
5 AC Power Supply 1 
6 2” Linear Actuator 1 
7 V-Block 2 
8 Solenoid 4 
9 Magazine Frame 1 




















Figure 20 - Prototype photo #2 
 




8.3 PROTOTYPE COMPONENTS 
 
The below photograph shows the electronics that are responsible for controlling the actuators 
and solenoids in the system. The large gray box barley shown above is a DC power supply that 
provides 12V DC to fire the actuator and solenoids. The dark gray box that is open is the PLC 
(programmable logic controller) that controls the system. The beige box in the lower left is a 24V AC 
power supply that powers the relays and the PLC. Lastly, the black terminal blocks are used for easy 











Figure 21 - Prototype photo #3 
 
The next picture is a close-up photo showing the magazine, solenoids, 16” linear actuator and 
v-block. The two solenoids are spaced apart so that they support one PVC pipe and hold it in place 
inside the magazine. Based on time, the solenoids will activate, retract, and allow a pvc pipe to drop 
onto the v-block where it will be positioned to be inserted into the next pipe segment.  
 
Figure 22 - Prototype photo #4 
 
The following photo shows a close up of the solenoid that supports the PVC pipe. When the 
solenoid has no power, the pin is extended holding the pipe in place. Then, whenever power is 




inserted in the next pipe segment. The length of the pin is just under the width of the magazine so that 
it does not touch the other side when it is fully extended. The spring on the solenoid won’t allow the 
larger diameter to impact the magazine aggressively, decreasing any risk of failure.  
 
Figure 23 - Prototype photo #5 
 
 The last photo is the 2” linear actuator that is responsible for holding the pipe segment 
stationary for insertion by the preceding pipe. We extend the actuator just enough so that it holds the 
pipe in place without applying to much force as to cause unnecessary damage to the system 
components. When the pipe is inserted and ready to exit the system, the actuator moves upwards just 
enough to clear the flared end of the pipe. All of this is done autonomously based on timing derived 
from our experimentation on the system. 
 




9 DESIGN DOCUMENTATION 
9.1 FINAL DRAWINGS AND DOCUMENTATION 
9.1.1 Engineering Drawings 





















9.1.2 Sourcing instructions 
 








11 APPENDIX A - PARTS LIST 





12 APPENDIX B - BILL OF MATERIALS 
* This is the final list of parts for the cost of raw materials, components, assemblies etc. which states the actual bill of your final project.  
Item Source Qty 
Per Unit 
Cost  
Total Cost  
1/2" 2'x4' Plywood Home Depot 1 $ 11.77  $ 11.77  
5mmx4'x4' Underlayment Plywood (used for making magazine and spacers) Home Depot 1 $ 11.23  $ 11.23  
2"x4"x96" Stud (used for making spacers and actuator mount) Home Depot 1 $ 2.52  $ 2.52  
1 1/2"x9X 16GA Safety Plate Home Depot 4 $ 0.39  $ 1.56  
8 Pack - #12x5/8" Sheet Metal Screws Home Depot 2 $ 1.18  $ 2.36  
3 Pack - 4x6mm Machine Screws Home Depot 5 $ 0.76  $ 3.80  
30 Pack - #6 Flat Washers Home Depot 1 $ 1.18  $ 1.18  
6 Pack - #6-32x1 1/2" Machine Screws Home Depot 1 $ 1.18  $ 1.18  
100 Pack - #6 x 1/2" Sheet Metal Screws Home Depot 1 $ 3.72  $ 3.72  
Rigid MC 1-Hole Strap Home Depot 1 $ 0.66  $ 0.66  
ECO-WORTHY 12VDC 16" Stroke Linear Actuator (Includes 2 Pivot Brackets, Clevis Pins, and Cotter 
Pins) 
Amazon 1 $ 68.74  $ 68.74  
Homend 12VDC 2" Stroke Linear Actuator (Includes 2 Pivot Brackets, Clevis Pins, and Cotter Pins) Amazon 1 $ 28.95  $ 28.95  
Aodesy 12VDC Push Pull 15mm Stroke Solenoid Amazon 4 $ 13.99  $ 55.96  
1lb Pack - Deck Mate #8 x 1 1/4" Star Flat-Head Wood Deck Screw Home Depot 1 $ 6.97  $ 6.97  
6 Pack -1/4"x1 1/4 Steel Fender Washers Home Depot 1 $ 1.18  $ 1.18  
12" DIN Rail Amazon 1 $ 5.29  $ 5.29  
50 Pack - Passthrough Terminal Block, Black 
Schneider 
Electric 
1 $ 36.90  $ 36.90  
5 Pack - Custom Made Solenoid Mounting Bracket Icon Mechanical 1 $ 60.00  $ 60.00  
IDEC RH2B-ULAC24V DPDT 24VAC Relay Kele 4 $ 11.26  $ 45.04  
IDEC SH2B-05 Relay Socket DIN Mount Screw Terminal Kele 1 $ 5.91  $ 5.91  




Functional Devices PSH100AB10 24VAC Power Supply Kele 1 $ 62.77  $ 62.77  
MNL-800-101 Programmable Controller Card 
Schneider 
Electric 
1 $ 495.69  $ 495.69  
ENCL-MZ800-WAL Wall Mount Terminal Board and Enclosure for MNL-800 
Schneider 
Electric 
1 $ 168.76  $ 168.76  





































































14 ANNOTATED BIBLIOGRAPHY 
 
The publication annotated below is the textbook used during our class work. This textbook was 
used during the class period as a reference and a guide in mechanical design and engineering.  
 
Budynas, Richard G., and J. Keith Nisbett, Shigley’s Mechanical Engineering Design 10
th 
Edition, 
McGraw-Hill Education, New York, 2015.  
  
        The next annotation below is the ASTM standard that was used in the Codes and Standards 
section of this report. This standard was used to study the way at which Schedule 40 PVC Pipe is 
manufactured and controlled during the manufacturing process. Also, it states controls that are in 
place that keep pipes the same such as surface finish and pipe inner/outer diameter.  
 
ASTM Standard D1785 Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe, 
Schedules 40, 80, and 120, American Society for Testing and Materials, 2015 Edition, August 1, 
2015. Web. 17 July 2019.  
 
 
 
 
